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ABSTRACT

From June 1957 through May 1959 the bait shrimp fishery in Galveston Bay, Texas, was studied
to determine the species composition and the magnitude of the catch. Total production for the
2-year period amounted to over 676,000 pounds, having a retail value of almost $779.000. The
fishery is chiefly in summer and fall; over 90 percent of the production eccurred from May
through October. Brown shrimp (Penaeus aztecus) and white shrimp (Penaeus setiferus) were
the major species taken., Occurring sporadically were pink shrimp (Penaeus duorarum), seabobs
( Xiphopeneus krdyeri), and Trachypeneus sp. The median weight of brown shrimp in samples
nbtained trom the fishery was almost static at 2.0 to 4.0 grams and did neot exceed 5.0 grams.
The median weight of white shrimp fluctuated and ranged up to 15.5 grams. Young white
shrimp apparently enter the bay later in the year than brown shrimp, stay longer, and grow to
a larger size before leaving for offshore waters. Length-weight relationships for brown and

white shrimp were determined.

INTRODUCTION

deveral species of commercially important
penxid shrimp found in the Gulf of Mexico
are commonly used as bait by sport fishermen.
The desirability of shrimp for this purpose
has given rise to a bait shrimp industry of
considerable importance in some areas. De

Sylva (1954) found that over 38 million
shrimp entered the bait indusiry on the north-

east coast of Florida in 1953. On the west
coast of Florida, Woodburn et al. (1957) re-

ported almost 59 million shrimp taken for
bait in 1935. In a test area in Alabama,
Loesch (1957) noted over 17,000 pounds of
shrimp taken by bait fishermen in 66 days,
and since few of the shrimp were larger than
50 count (50 individuals per pound), this
take represents well over 850,000 shrimp.
Detailed information concerning the bait
shrimp industry in other areas of the Gulf is
not readily available. From June 1957 through
May 1959 a study was conducted in the Gal-
veston Bay area of Texas to determine the
magnitude of the bait shrimp fishery and the
size and species of shrimp taken.

Penzid shrimp found along the Texas coast
by Gunter (1950) included the white shrimp
(Penceus setiferus), the brown shrimp (Pe-
neeus aztecus), the pink shrimp (Penceus duo-
rarum), the seabob (Xiphopeneus krgyeri),
and T'rachypeneus constrictus. The life history
of the white shrimp has been described by
Viosca (1920), Weymouth, Lindner, and
Anderson (1933), Burkenroad (1934, 1939),
Pearson (1939), and others. Spawning takes
place in the open waters of the Gulf from
spring to fall. The eggs are demersal and
hatch approximately 24 hours after being
spawned. The larvee and post-larva are plank-
tonic for about 3 weeks, during which time
they move from the saline offshore waters of
the spawning grounds to the brackish inshore
waters where they adopt a benthic existence.
Four to ten weeks of rapid growth are spent
in these inside waters. As the shrimp in-
crease in size and mature, they gradually
move back to the open waters of the Gulf,
presumably to offshore spawning srounds.
Less is known about the biology of the other
species, but brown and pink shrimp are as-
sumed to have similar life histories.
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METHODS
Collection of statistics

A survey in November 1956 revealed about
200 bait stands located on Galveston Bay
(Figure 1). In this paper reference to Gal-
veston Bay includes the bay proper, Trinity
Bay, Lkast Bay, and West Bay. During the
study period about 80 dealers obtained and
supplied shrimp for the local bait industry.
Bait stands were so widely scattered through-
out the area that it was difficult to interview
each dealer oftener than every 2 or 3 days and
since few maintained records of their catch,
much of the information collected was based
on their memory and estimates, There are
presently few restrictions on bait shrimping
activities in the bay, and there was reluctance
on the part of some dealers to disclose catch
statistics. The production figures obtained,
therefore. are considered minimal.
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Ficure 1l.—Locations of bait stands in Galveston
Bay area.

In order to combine production figures of
live and dead bait, it was necessary to deter-
mine the weight of a quart of shrimp. Live
bait is sold by the pint or quart at $2.00 per
quart in summer when shrimp are abundant
and $3.00 per quart in winter when they are
scarce. On the other hand, dead bait is sold
by the pound at 50 to 60 cents per pound.
On the basis of 15 samples, 1 quart of live
shrimp weighs approximately 1.5 pounds.
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Collection of biological samples

Samples of live shrimp were purchased
periodically from dealers to determine the
size and species composition of shrimp
handled. Bait shrimp in Galveston Bay are
taken mainly with small otter trawls ranging
from 10 to 25 feet along the cork line and
upwards of 25 feet in length. Mesh sizes
range from 124- to 184-inch stretched meas-
ure. The gear and methods used by the bait
industry are described in greater detail by

Inglis and Chin (1959).

Methods of measurement

Several methods of measuring shrimp have
been employed. Total length (from tip of
rostrum to tip of telson) regarded by Wey-
mouth, Lindner, and Anderson (1933) as the
most reliable measure of size of white shrimp
is commonly used. Burkenroad (1934), how-
ever, suggested that several factors reduced
the reliability of total length as a measure of
size. He stated that as white shrimp increased
in size, the relative length of the rostrum de-
creased and that white shrimp along the At-
lantic coast had a longer rostrum than those
in the Gulf of Mexico. Other difficulties with
the use of total length were noted by Cole
and Mistakidis (1953). It is not uncommon
to find the rostrum damaged or partially re-
generated. Furthermore, shrimp often assume
a flexed position upon preservation and sub-
sequent efforts to measure total length of pre-
served specimens usually result in separating
the head and tail portions.

Most of the preceding objections to total
length do not apply to carapace length, a
measurenient used in some studies. The length
of the carapace is generally measured from
the lateral base of the eye notch to the median
dorsal posterior edge. Carapace measurements
require considerable precision since they sel-
dom exceed 65 millimeters in penezid shrimp.
Cole and Mistakidis (1953) suggest an ac-
curacy of 0.25 millimeter in their studies on
Furopean prawns and shrimps. A further con-
sideration in the use of carapace length is
that it may fail to reflect an increase in weight

when the latter is caused by increase in girth.
Burkenroad (1950) noted that a number of
molts after the postmysis stage in Penceus
duorarum resulted in increase of stoutness

rather than length.
By inference, some workers have suggested
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the desirability of total weight as a measure
of size. Certain disadvantages in the use of
total weight are obvious. Material preserved
in alcohol or formalin loses weight signifi-
cantly and the use of balances on board small
vessels is dillicult. In the present study it was
also found to be impractical to weigh shrimp
less than 30 millimeters in total length on
moderately sensitive balances. Nevertheless,
total weight was used for several reasons. We
were not subject to any of the limitations noted
above; preservation was unnecessary, shrimp
were weighed in the laboratory, and few were
less than 30 millimeters in length. With the
direct-reading balances now available, shrimp
can be weighed with great rapidity and ac-
curacy. For example, one person, using a

Mettler balance (Type K-7, precision, -~0.03.
gram), measured and recorded the weights

of 100 individuals in slightly more than 13
minutes. Deveral weighings of the same lot of
shrimp showed almost identical results. Fur-
thermore, length measurements, when applied
to management of most fisheries, require ulti-
male conversion to appropriate weights and
therefore, when practical, measuring directly
in terms of weight i1s preferable to indices
based on morphometric relationships.

To convert weights to lengths, length-weight
relationships for white and brown shrimp
were derived, using the least squares method.
Log-log plots of lengths and weights from
976 white shrimp, including 553 females and
423 males, and 802 brown shrimp, including
502 females and 300 males, showed that for
both species the relationship was best ex-
pressed by the typical length-weight equation:

W=all?
OT,

log W= log a-+(b) (log L)

where W=—total weight in grams, L—total
length in millimeters, and a and b are con-
stants.

Length-weight relationships for both sexes
were almost identical within each species.
Between species, however, brown shrimp are
somewhat heavier than white shrimp at com-
parable lengths. The following equations” for

'Since these data were obtained, the length-weight
relationship for white shrimp has been published
by Anderson and Lindner (1958). Mean weichts at
vartous lengths shown in their Table 4 were com-
pared to weights at the same lensths calculated us-
ing the above equation. Results compare favorably
up to a length of 143 millimeters. From 148 to 193

1377

each species, males and females combined,
are shown graphically in Figure 2:

Brown shrimp:

log W—=-—5.483 + (3.190) (log L)
White shrimp:

log W—=—25.289 + (3.075) (log L)
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Ficure 2—Length-weight relationships for brown
and white shrimp.

TOTAL PRODUCTION

Total production of bait shrimp for the
2-year period from June 1957 through May
1959 amounted to over 676,000 pounds with
a retail value of almost $779,000. As shown in
Figure 3, production was considerably higher
during the second year which may have re-
flected either a greater volume of shrimp
handled by the industry or a greater efficiency
at collecting statistics. The lower production
during the first year, especially in July, was
due partially to extensive damage to bait
boats and camps caused by hurricanes Au-
dreyv and Bertha, Production trends, neverthe-
less, were similar in both vyears. In winter
there is an apparent scarcity of shrimp in the
bay and the fishery is relatively inactive. In

millimeters their mean weights ranged from 1.5 to
6.3 grams higher and at their maximum length listed
(198 millimeters) the average weight was 10.7 grams
higher than the calculated value. Differences above
148 millimeters may be due to differences in degree
ol maturity.
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Ficure 3.—Monihly production of bait shrimp in
Gralveston Bay area and percentage species composl-
tion by weight. Minor species not shown.

spring the bait catch begins to increase and
in May rises sharply when the young of the
vear are recruited into the fishery. Production
reaches a peak in August and thereafter de-
clines rapidly until November when it is 15
to 20 percent of the August catch.

Practically the entire catch was obtained
within Galveston Bay. In the winter shrimp
are occasionally brought in from other areas
in @rated tank trucks. During the winter of
1957-1958 less than 5,000 pounds were trans-
ported from the Sabine area, about 60 miles
to the east. The following winter approxi-
mately 2,000 pounds were brought in from
the same area and almost 1,400 pounds from
the Port Aransas area, about 200 miles to the

south.

A comparison of shrimp production by the
bait fishery with that by the commercial
fishery® in Galveston Bay is shown in Table 1.
Data on the commercial fishery were obtained
from the monthly summaries of shrimp sta-

“In spite of the obvious commercial aspects in-
volved, the bait fishery is considered apart from the
commercial fishery which catches shrimp for use as

food.
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tistics collected by the U. S. Bureau of Com-
mercial Fisheries and available, thus far,
through April 1959. Commercial production
trends were necessarily affected by state reg-
ulations in force during the study. The bay
was closed to commercial fishing from De-
cember 15 to March 1 and from July 15 to
August 31. The bait fishery, on the other
hand, is not subjected to any seasonal limi-
tations.

During winter when the bait fishery was in-
active, the commercial fishery was restricted
by regulations. Unlike the bait catch which
rose in May, the commercial catch was almost
non-existent during spring even though the bay
was opened to commercial trawling. As shown
by Figure 4, this difference was probably due
to the preponderance of young shrimp too
small for the commercial fishery but suitable
for the bait fishery. During the study there
was no minimum size limit in Texas for shrimp
used as bait. For commercial purposes the
minimum size limit was in terms of no more
than 39 shrimp per pound. From July 15 to
August 31 the bay was again closed to com-
mercial fishing; thus, through a combination
of circumstances the bait catch from May
through August was considerably greater than
the commercial catch.

The commercial catch first assumes sizeable
proportions in August. The regulations for the
commercial fishery are interpreted locally as
permitting fishing on August 31 and the caich
landed on the last day of August in each year
was approximately 80 percent by weight of
the bait catch for the entire month. From
September through November in 1957 and
through December in 1958, production by the
commercial fishery far exceeded that by the
bait fishery.

SPECIES AND SIZE COMPOSITION

Only a few samples of the relatively small
amount of shrimp transported from other
areas were obtained and the data are not in-
cluded in this report. The following discus-
sion 1s limited to the species and size com-
position of local shrimp entering the bait
industry. During the 2-year study 170 samples
containing a total of 16,224 shrimp were
examined. If the samples are assumed to be
representative of the populations of shrimp
in the bay, that is, within the limitations of
gear selection, the seasonal occurrence and
sizes of the various species can be compared.
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TaBLE 1.—Shrimp production by bait and commercial fisheries in Galveston Bey, 1957-1959

[Shrimp transported from other areas omitted.]
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Live ba:it Dead bait Total bait cateh Commercial catch
Month '
Poundsl Retail value|Pounds  Retail value{Pounds Retail value Pounds
June 1857. .. ... ... ... .. .. ... 41,221 $54.962 9,850 $ 5275 51,071 £60,237 {none)
July. ... e 22 301 20.854 H,667 3,161 28,058 o3,.015 (none)
August. .. ... ... ... ... ... 37,790 50,386 22,417 11,208 60,207 651,594 46,730
September. . .. ... ........... 21,915 20,220 10,465 6,054 32,380 33,279 533,875
Oectober. . ....... ... ... ... . .. 22 785 30,380 6,913 3,963 20, 608 33,043 160,636
November. ..... ... ....... .. 4,910 6,540 2,028 1,164 7,488 7,704 1,458
December. .................. 1,260 1,680 | 251 125 1,511 1,805 (none)
Tanuary 1958. .. .............| 324 648 | (none) — 324 548 (none)
FebruRIy. ... .. i v i it 120 40 (none) — 120 40 (none)
Mareh. .. ... . ... ... .. ..... 1,193 2,285 428 215 1.621 2,470 (none)
Apnil. . ..... .. ... ... ... ......| 6,086 7,542 1,485 841 7,669 8,383 (none)
May.,...o.oovv 23,8H0 36,998 3,404 1,746 a7.344 38,744 fnone)
June. .. ....... ...l 64,397 04 083 13,149 6,573 77,5446 100,656 {npne)
TULY o o oo e e - $3,791 06,188 | 13,385 8774 | 79,176 104,962 (none)
August. ... ... - 53,817 81,236 69,627 40,595 (123,444 121,831 | 90,616
September. . .......... ... .... : 18,3056 24,400 21,758 11,608 40,063 36,014 ! 422735
Qctober. . . ... .. i, 22,101 29,468 13,849 7,142 36,050 36,610 163,276
November, . ........ ..., ..., 20,674 27,432 6,049 3,002 26,623 A0D,524 73,374
December. ... ... ... .. ...... 10,832 14,442 1,838 0919 12,670 15,361 33,257
January 1956.. ... ........... 1,810 3,639 (none) — 1,819 5,639 (none)
Februaryv.,................... 1,077 2 154 (none) — 1,077 2,154 (none)
March.............. ... . ... 2,424 4,848 (none) — 2,424 4 848 (none)
April. . .. oo e 1,633 3,267 150 4q 1,783 5,307 2,300
May . e 16,380 21,852 1,223 611 17,603 22,463 z
Totals ... 1460,995 $653,520 (206,624 §112,761 |607,619 $766,281 e
1Converted from quarts by multiplying number of quarts by 1.5.
fInformation not yet available.
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Pink shrimp (P. duorarum), seabobs (X.
kreyert), and Trechypeneus sp. appeared
sporadically in the samples. Pink shrimp,
ranging from 1.0 to 13.9 grams, made up 9
percent of the samples in October 1957 and
less than 1 percent in January and May 1958,
Seabobs, ranging from 1.4 to 3.3 grams,
amounted to less than 1 percent of the shrimp
in July 1957 and in December 1958. Trachy-
peneus sp., ranging from 1.1 to 7.5 grams,

formed 1 to 2 percent of the samples in De-
cember 1958 and February and March 1959,

Brown shrimp (P. aztecus) and white
shrimp (P. setiferus) are the principal species
supporting the local bait industry. Figures 3
and 5 show monthly changes in the percentage
of each of the two species by weight and by
number, respectively. P. aztecus seems to be
important only {from May through July. In
May and June it is virtually the sole species
supporting the bait industry. In July the

catch is composed of brown and white shrimp -

in approximately equal proportions. In Au-
gust, the peak month of production, about 90
percent of the catch by weight consists of
white shrimp. During the following months
the rapidly declining catich continues to be
made up almost entirely of white shrimp.
Brown shrimp do not again appear in num-
bers until April and May when the incoming
young of the year give rise to increased ac-
tivity by the fishery. Concomitantly, white
shrimp disappear from the bay and do not
reappear In the catch until June or July when
a new crop is recruited into the fishery.

JUN 1957 (530y
? JUL 1400y
AUG {(I7%4)
B R (799}
By ccT (8E2)
. MDY (240G}
| BEG {223)
t JAN 1958 (93}
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| 1 = e e
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SRCEN
PERCENTAGE FREQUENCY OGCURRENGE
Ficure 5.—Monthly changes in percentage fre-
quency occurrence of brown and white shrimp ob-
tained from Galveston Bay area, Figures in paren-
theses denote number of shrimp in EﬂIﬂplEE

Wil E

exceed 9.0
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The sizes of the two species differed
markedly; brown shrimp ranged up to 23.5
srams, while white shrimp ranged up to 40.7
grams. The weight frequencies of shrimp in
the samples were grouped by half-gram inter-
vals so that resulting midpoints at 0.5, 1.0,
1.5 grams, etc., included shrimp that weighed
0.3 to 0.7 grams, 0.8 to 1.2 grams, 1.3 to 1.7
grams, etc. Figure 4 shows the 20th, 50th
(median}, 80th, and 95th percentiles of the
weights of each species for each month. The
data: are not shown for months when the fre-
quency occurrence of a species was 10 or less.

The median weight for brown shrimp was
almost static at 2.0 to 4.0 grams and did not
exceed 5.0 grams; the 95th percentile did not.
erams. Median weight for white
shrimp fluctuated considerably more and
reached 15.5 grams, and the 95th percentile
ranged to 31.0 grams. The recurring abun-
dance of shrimp less than 5.0 grams indicates
that both species have an extensive spawning
season. Changes in size and species composi-
tion are sufhciently consistent to show that
voung brown shrimp enter the estuarine wa-
ters earlier than white shrimp, presumably
as the result of an earlier spawning season.
Assuming that the two species have similar
orowth rates, the white shrimp must stay in
the inshore waters longer since it grows to a
larger size than the brown shrimp before dis-
appearing from the bay.

These major differences in life history be-
tween the two species may be factors that have
contributed to the decline of white shrimp and
increase of brown shrimp over the past 20
years. Since the brown shrimp spends less time
inside the bays, it is not as heavily exposed
to the fishing effort of the bait industry as
the white shrlmp Furthermore, by virtue of
a short stay in the bay, the brown shrimp
does not reach a commercially desirable size
until it leaves the bay. In fact, the highest
value of the 95th percentile for brown shrimp
(9.0 grams) falls somewhat short of the
minimum legal commercial size count of 39
shrimp per pound, which is equivalent to
about 11.5 grams per shrimp. In contrast, the
white shrimp reaches a commercially desir-
able size while inside the bay. In 9 of the 20
months in which white shrimp occurred more
than 10 times in the samples, the 95th per-
centile was greater than the minimum legal
commercial size. The white shrimp is thus

subjected to exploitation by the commercial
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fishery while in the bays, a fact which is
strikingly demonstrated by the species com-
position of the commercial catch. Except for
664 pounds of brown shrimp caught in Sep-
tember 1957, the entire commercial catch from
Galveston Bay shown in Table 1 consisted of
white shrimp.
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